This paper describes a wildfire forecasting application based on a 3D virtual environment and a fire simulation engine. A novel open source framework is presented for the development of 3D graphics applications over large geographic areas, offering high performance 3D visualization and powerful interaction tools for the Geographic Information Systems (GIS) community. formation. The user is enabled to simulate and visualize a wildfire spreading on the terrain integrating spatial information on topography and vegetation types with weather and wind data. The application communicates with a remote web service that is in charge of the simulation task. The user may specify several parameters through a friendly interface before the application sends the information to the remote server responsible of carrying out the wildfire forecasting using the FARSITE simulation model. During the process, the server connects to different external resources to obtain up-todate meteorological data. The client application implements a realistic 3D
Introduction
occurs in a real environment, but also in a preventive manner. 7 We present in this paper a virtual wildfire forecasting system that has The requirements collected during the analysis of the system imposed that 19 the forecasting system should not only visualize the wildfire over a realistic 20 3D landscape, but also estimate its evolution according to vegetation charac-
21
teristics of the geographical area and weather conditions. For fire modeling,
22
the system makes use of FARSITE (Finney, 1998) , which is similar to the emergencies, but also to coordinate the task force in emergency situations.
30
The 3D virtual environment is based on a novel framework called Ca- The features of the 3D system Capaware allows to obtain a realistic com- 
The Wildfire Simulation Engine

145
The implementation of the forecasting system has been carried out by a 146 plug-in software that communicates with Capaware. and wind data, making it a valid solution in different environments.
153
In the particular context of the application described in this paper, the 
159
• Simplicity: Although the final user has the option to overwrite the 160 data, the server has a copy of all static data required by the simula-161 tion engine. This avoids technical staff from wasting time using data 162 customization in FARSITE.
163
• Up-to-date information: A weather server managed by the Canary Figure 3 shows an overview of this schema. 
The simulation cycle of life
179
Once the process started, the plug-in asks the user for all the data needed The output file encapsulates a set of matrices that stores, at each instant 
Wildfire Visualization
207
The visual representation of wildfires in a virtual environment is a com- 
Graphic representation 215
The fire visualization is based on two particle systems to model sepa-
216
rately the flame and the smoke. The particle system is a standard technique The graphics toolkit provides several mechanisms to efficiently model the 227 fire perimeters through the use of placer objects. Every placer comprises a 
Level Of Detail strategy
254
In order to reduce the amount of information, the fire visualization ap-
255
proach is modified attending to the distance from the user to the terrain. ter, depending on the distance from the camera.
259
The purpose of the LOD strategy is to keep up the appearance of the 
266
The chosen LOD strategy represents the terrain as a quadtree data struc-267 ture which is pre-computed and stored in disk at the phase of terrain setup.
268
The top-most node in the quadtree depicts the terrain at the lowest level terrain at a higher level of detail, and so on to the bottom of the quadtree.
272
When the user navigates on the terrain, the system visualizes the most favor- closer the user is to the fire, the bigger the amount of vertices of the curves.
282
The vertices are selectively inserted to preserve the shape of the polygons.
283
The graphics toolkit applies the LOD process to increase the resolution 
306
The wildfire system makes use of the FARSITE simulation engine to offer 307 predictive functions to the forest engineers. We have designed a remote web its behaviour and to consider/take some preventive measures in advance.
314
The visualization of the blaze is carried out by means of a morphing process, 
